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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic setfings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic sumiraries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

[ZM M. Werock

Robert M. Hirsch
Chief Hydrologist






CONTENTS

N o1 ¢ Vot AU OO OO R RO SRR UU TR 1
IIEEOUCTION ... ..veeet ettt ettt e e e st er et e e et et e saee e ere et e es e sbess e e sesseasaenseeseessesse saesbeessenssenbesasessae st esseensenbeenbeebaeensentesnsesanes 1
PUIPOSE AN SCOPE ...cverieniiriitcieteiet sttt sttt ettt et b e e b st e s e et et ea et eheea e et e e ebeeattatanneseemeranensemeeseessess 2
Western Lake Michigan Drainages StUAY UNIt ...........cccooieiiireiienieiiiieeieeie it sreie e reeseesteeraeseesreesreessssnsssreeraeernsnses 2
Environmental setting of benchmark StTEAMS ..............cooiiieieieiieicie vttt sttt sa st e e st eseeesssssebeeseeseessessanses 7
Streams draining clayey surficial deposits over carbonate bedrock...........covieureenereiinierenieere e 10

TESCH MILLS CTEEK ...ttt ettt sttt sttt et e sa et et ese st e s etaereasensesestasansesearanees 10

KEOK CIBEK ...ttt ettt sttt ettt s et r e er e aasees s et e s st asseasesseseab et e rasersensesbensesesaseasesrnras 12

Little SCArbOr0 CIEEK .....cuiuiuiriciriiiriiereee sttt ettt ettt e b e ettt sa et s be b e se st aresae st eansae st saseeneebene 13

CASCO CTEK ..ottt ettt s st be b sae e s e at e s et e e e a e et et e bt e et et s anteaneeaesearesneatebeees 14

HIBDArd CIEEK ......coviuiiieiceiiee ettt sttt sttt b e et e e b ene st e e ebe e b e seere e ene 15

Streams draining sandy-till surficial deposits over carbonate bedrock...........o.ecveeeniinnniiircece e 16

East Branch MilWauKee RIVET .......cc.ooiiiiiiie ettt s 16

N o] 1 o) L5 (1) S O ST USROS 18

IMULILEE RIVET ...ttt ettt et a et b s s e ra st s e ban e sa et e sat e b e et aneeaae e em s nntas 19

WALELCTESS CTEK ....euiiteietctiieieie ettt sttt sttt sttt st et se b e e et b se et et e e e beb e s st e ase et et e e emenbebessenentas 20

Streams draining sandy/sand and gravel surficial deposits over igneous and metamorphic bedrock..............c.c.c..... 21
WHILCOMD CIEEK .....eneiieieeie ettt e ettt b e e st as e s e s s esbesaasbesbeesentesesnteeseeaneenasesnnsans 21

West Branch Red RIVET ..ottt e st st s ae e st et a e st s s 23

SHIVET CLEK ....cntieti ettt ettt st et s et e re s ae s e s e esa e st e esese st saaesaeesseseeansessaeasesssanseesseeesanssesssesaeesaessennnnes 24

ST CTEEK ... ettt ettt e sttt et et e st eas e st e st eas et assesbe et e et aessesastesaeeasensessanseresssansaneensas 25

CAMP CIEEK . ...ttt ettt e e s ae s e e e e ses b e e s e st e aaeereasaesmeerseessesteaeseaseeasaessasssesrsesasesaesnsansenn 26

Streams draining sandy/sand and gravel surficial deposits over sandstone bedrock ............ccoeceeveneninincnincnennenn 27
LAWIENCE CTEEK ...ttt ettt e b e s e s st e s st e et em s e abae b anebeebar st e seeaeene 27

INEENAN CTEEK ...ttt ettt et b et a e ea st s b sat et et areust s e saeeaeeabenaenteatenbenrenees 29

CRATTEE CTEEK ... . ouicieietieiet ettt ettt ettt e h e be e st aa e e eb e aa ek e e m e ebesmtebaemte e eabesn e aansansaneeneen 30

IMECAN RIVET ...ttt et et b ettt e e e er bt ek e st b e smtonasab et e b ese s et anbanseneen 31

WIHTOW CTEEK ...ttt ettt ettt b et ae et m et st aateoe et et e et es e e b ane e s esnteseneasanresees 32

PNE RIVET .ot et a e e e ettt e e et e sb e s st sba e ar e s e bese s e sreasaaesraesseentasaneennesn 33
Implications of environmental setting On Water QUALILY ............cocvvueeieieueiiieirree ettt e ettt se s eaeseeasseesaeneees 34
SUIIIINALY ..ottt sa et s s et e e st b e et et et s R e e ae e s beem e e e s be et tbeeraeseesaaesane sseererabeansesasesseerseensesasesnenein 37
REFEIENCES CILEA ...ttt ettt st e e s aa s e s aese e et eae e beaeansen s e et e aeassassseseeessanseassaeseserbesasnnnseenes 37
SUpPIeMENtal dAtA SECTION ........iieieiiiiieie ettt te st et r e e s b e st en e s e e et saessaastesrbenraaabasasasseseesearsenssesssasasensersnanses 39

CONTENTS Vv



CONTENTS—Continued

FIGURES

1-9. Maps showing:
1.  Western Lake Michigan Drainages study unit of the National Water-Quality

ASSESSIMENT PIOZIAIN .....eieiiiiiiiieeierieiie ettt sttt e este s eets e esbe s s esasessssssbaessbessasessssssnsesesseessseetasenneen 3
2. Generalized land use/land cover in the Western Lake Michigan Drainages study unit............cccccovereevenennene. 4
3. Relatively homogeneous units in the Western Lake Michigan Drainages study unit.......c....ccccccevvevnvinnnnnn. 5

4-5. Relatively homogeneous units in the Western Lake Michigan Drainages study unit
superimposed on:
4. Ecoregions of the Upper Midwest States (Omernik and Gallant, 1988) .........ccccooireciniiininicceceeceen, 6
5. Regional landscape ecosystems of Michigan, Minnesota, and Wisconsin (Albert, 1995) ......c.cccevvevvnenenne. 8
6-9. Location and land use/land cover of benchmark-stream basins in the Western Lake Michigan
Drainages study unit for:

6. Relatively homoOZeneous UNIt L........ccocoriiiiriiiiiriiiet ettt ettt b e et e bnssaetenanennennens 11
7.  Relatively hOmMOZENEOUS UNIE 3.......ocvoiiiiiriiiiiiiririe ettt ettt ettt sae st s et e et st e e e e s sbe e e saneanens 17
8. Relatively homogeneous UNIt 20...........oeuiieiririrurinieiieteee ettt ettt ettt st sese et sassnesansans 22
9. Relatively homogeneous UNIt 20...........ccoeiririeieeeeirnirieiee ettt ettt s e eb sttt sesebestsasasessesenes 28

10-11. Graphs showing plot of water-quality measurements by relatively homogeneous unit,
Western Lake Michigan Drainages study unit for:

L ) ¢ U O O TP RSO SU U PO URU U UROURO 35
11, SPECIfiC CONAUCLANCE ....c.eririieieeeiieiiieiet ettt et st e ettt eb e be s b bt e e st e bbb s esbae et beebenbeenaess et seneeane 36
TABLES
1. Selected information for benchmark-stream basins in agricultural areas of the Western Lake Michigan
Drainages StUAY UNIt.......cccoiiiiiiiiiiiiiiic s s 40
2. Location, name, hydrologic, and physical characteristics of benchmark streams in agricultural areas
in the Western Lake Michigan Drainages study UNit .........ccccooiirieiieiieininesecect e 45
3. Chemical and physical characteristics of benchmark streams in agricultural areas of the
Western Lake Michigan Drainages StUdY UMt .........c.ooiirieceeiireieeceere st ese s saas s en e nean 47

Vi CONTENTS



CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
centimeter (cm) 0.3937 inch
meter (m) 3.281 feet
square kilometer (kmz) 0.3861 square mile
hectare 2471 acre
meter per second (m/s) 3.281 foot per second
cubic meter per second (m3/s) 35.31 cubic foot per second

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F=1.8(°C) + 32.

Abbreviated water-quality units: Chemical concentrations are given in metric units. Chemical concentration is given in milligramrs per
liter (mg/L) or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in sol ition as
weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one milligram per I'ter. For
concentrations less than 7,000 mg/L, the numerical values expressed as mg/L. and pg/L are approximately the same as for concentrztions in
parts per million and parts per billion, respectively.

Specific electrical conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm). This unit is equivalent
to micromhos per centimeter at 25 degrees Celsius (umho/cm), formerly used by the U.S. Geological Survey.

The abbreviation “pH” represents the negative base-10 log of the hydrogen-ion activity in moles per liter.

CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS vi



ACKNOWLEDGMENTS

Technical Support

Barbara C. Scudder, Hydrologist, U.S. Geological Survey, Madison, Wis.
Daniel J. Sullivan, Hydrologist, U.S. Geological Survey, Madison, Wis.
Faith A. Fitzpatrick, Hydrologist, U.S. Geological Survey, Madison, Wis.

Technical Reviewers

Charles A. Peters, Supervisory Hydrologist, U.S. Geological Survey, Madison, Wis.
Donna N. Myers, Supervisory Hydrologist, U.S. Geological Survey, Columbus, Ohio
Thomas Muir, National NAWQA Coordinator, National Biological Service, Reston, Va.

Editorial and Graphics

Karen R. Barr, Secretary, U.S. Geological Survey, Madison, Wis.

Michelle M. Greenwood, Cartographic Aide, U.S. Geological Survey, Madison, Wis.
Michael Eberle, Technical Publications Editor, U.S. Geological Survey, Columbus, Ohio.
Ross E. Bagwell, Office Automation Clerk, U.S. Geological Survey, Madison, Wis.
Approving Official

Daniel P. Bauer, Staff Hydrologist, U.S. Geological Survey, Madison, Wis.

Vil  ACKNOWLEDGMENTS



Environmental Setting of Benchmark Streams
in Agricultural Areas of Eastern Wisconsin

By S.J. Rheaume, J.S. Stewart, and B.N. Lenz

Abstract

This report describes the environmental set-
ting of 20 benchmark streams in agricultural areas of
eastern Wisconsin that are part of the Western Lake
Michigan Drainages, National Water-Quality
Assessment Program. Benchmark streams are
defined as those that show minimal adverse effects
from human activity, and they were selected on the
basis of field reconnaissance and the following crite-
ria: (1) available invertebrate or fisheries data that
indicated good to excellent water quality, (2)
instream habitat restoration for fisheries enhance-
ment, and (3) land management to protect riparian
vegetation. Information gathered from these bench-
mark sites can be used as a standard of reference to
compare the health of other streams in agricultural
areas on the basis of aquatic-biota communities, hab-
itat, and water-quality characteristics. The informa-
tion included in this report serves as background
information that will be useful for a series of studies
at these benchmark-stream sites in the Western Lake
Michigan Drainages study unit as part of the
National Water-Quality Assessment Program.

Four relatively homogeneous units (RHU’s) in
agricultural areas that differed in bedrock and surficial
geology were selected for study. RHU 1 (clayey surfi-
cial deposits over carbonate bedrock) and RHU 3
(sandy-till surficial deposits over carbonate bedrock)
are in adjacent agricultural areas in the Southeastern
Wisconsin Till Plains ecoregion. RHU 20 (sandy/sand
and gravel surficial deposits over igneous and meta-
morphic bedrock) and RHU 26 (sandy/sand and gravel
surficial deposits over sandstone bedrock) are in adja-
cent areas of agriculture and mixed forests in the North
Central Hardwood Forests ecoregion.

Differences in land use/land cover, and riparian
vegetation and instream habitat characteristics are pre-
sented. Summaries of field measurements of water
temperature, pH, specific conductance and concentra-
tions of dissolved oxygen, total organic plus ammonia

nitrogen, dissolved ammonium, nitrate plus nitr'te as
nitrogen, total phosphorus, dissolved orthophosphate,
and atrazine are listed. Concentrations of dissolved
oxygen for the sampled streams ranged from 6.4 to
14.3 and met the standards set by the Wisconsin
Department of Natural Resources (WDNR) for sup-
porting fish and aquatic life. Specific conductan-ze
ranged from 98 to 753 uScm with values highest in
RHU’s 1 and 3, where streams are underlain by carbon-
ate bedrock. Median pH did not vary greatly among the
four RHU’s and ranged from 6.7 to 8.8 also meeting the
WDNR standards. Concentrations of total organic plus
ammonia nitrogen, dissolved ammonium, total phos-
phorus, and dissolved orthophosphate show little vari-
ation between streams and are generally low, compared
to concentrations measured in agriculturally-affected
streams in the same RHU’s during the same sampling
period. Concentrations of the most commonly used
pesticide in the study unit, atrazine, were low in all
streams, and most concentrations were below th= 0.1
pg/L detection limit. Riparian vegetation for the bench-
mark streams were characterized by lowland species of
the native plant communities described by John T. Cur-
tis in the “Vegetation of Wisconsin.” Based on the envi-
ronmental setting and water-quality information
collected to date, these streams appear to show minimal
adverse effects from human activity.

INTRODUCTION

In 1991, the U.S. Geological Survey began full-
scale implementation of the National Water-Quality
Assessment (NAWQA) Program. The objectives of the
NAWQA Program are to (1) describe current wate~-qual-
ity conditions for a large part of the Nation’s freshwater
streams and aquifers, (2) describe trends in water aquality
over time, and (3) improve understanding of the primary
natural and human factors that affect water-quality condi-
tions. This information will be useful for planning future
management actions and examining their likely conse-
quences. In all, 60 study units are planned to begir activ-
ities on a staggered time scale. The Western Lake
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Michigan Drainages was selected as one of 20 study units
to begin data collection and analysis in 1991.

The effect of agriculture on stream biota is an
important issue in the Western Lake Michigan Drainages.
Although numerous studies of the aquatic biota and habi-
tat of agriculturally-affected streams have been done in
the areas encompassed by the study unit, very few studies
have focused on defining the composition of healthy
stream communities that have been largely unaffected by
human activity. In order to measure the effects of
improvements in agricultural practices on stream commu-
nities or the extent of degradation at affected sites, stan-
dards are needed from which comparisons can be made.
In response to this need for standards of comparison, a set
of 20 stream sites were investigated where physical and
chemical conditions appear to be less affected by the agri-
cultural activity that generally dominates land use in the
drainage basins above the sites. In this report, these rela-
tively unaffected streams are referred to as “benchmark
streams.” The environmental setting of these benchmark
stream sites including ecoregion classification, percent
land use/land cover, riparian vegetation classification, and
hydrologic and physical characteristics are presented in
this report.

Purpose and Scope

This report provides information on the location
and environmental setting of 20 benchmark stream
reaches in agricultural areas of eastern Wisconsin. The
streams were sampled from June 1993 through July 1995.
The physical and chemical conditions of these streams
and their basins are discussed, including any evidence of
adverse effects of human activity on stream biota. Infor-
mation is provided on other ecoregion and ecosystem
classifications to RHU’s, geology, riparian and instream-
habitat characteristics, land use/land cover, and selected
water-quality measurements at these locations. This infor-
mation will be used to establish the environmental setting
of these benchmark stream reaches and help determine if
these sites show minimal adverse effects from human
activity.

Associations between general stream water-quality
conditions and the environmental factors that are used to
define RHU’s are discussed. This environmental setting
report forms the basis for future work that will describe
how these factors, bedrock geology, texture of surficial
deposits, and land use/land cover, affect habitat and
aquatic biota communities, if at all, and whether per-
ceived effects can be quantified.

Western Lake Michigan Drainages Study Unit

The Western Lake Michigan Drainages study unit
encompasses 51,541 km? of eastern Wisconsin and the
Upper Peninsula of Michigan (fig. 1). Ten major rivers
drain the study unit: the Escanaba and Ford Rivers in
Michigan; the Menominee River, which partially defines
the state boundary between Wisconsin and Michigan; the
Peshtigo and Oconto Rivers in northeastern Wisconsin;
the Fox/Wolf River complex in east-central Wisconsin,
which drains into Green Bay; and the Manitowoc, She-
boygan, and Milwaukee Rivers, which drain the soutt-
eastern part of the study unit.

The overall population in the study unit is
2,435,000 (U.S. Bureau of the Census, 1991) with urtan
land use accounting for less than 4 percent of the area.
The major cities and their populations are Milwaukee,
628,000; Green Bay, 96,000; Racine, 84,000; Kenosha,
80,000; and Appleton, 66,000. Agriculture accounts for
37 percent of the land use in the study unit and is devo*ed
almost exclusively to cropland and pasture for dairy pro-
duction (fig. 2). About 40 percent of the study unit, pre-
dominantly in the northwestern part, is forested. Streams
and lakes throughout the study unit offer excellent fishing,
boating, and other recreational opportunities. Lake Win-
nebago, a 55,442-hectare lake in the Fox River Basin, is a
major surface-water feature of the study unit. About 15
percent of the study unit is classified as wetlands.

To isolate the effects of individual environmental
factors on water quality, the Western Lake Michigan
Drainages were divided into 28 relatively homogeneons
units (RHU) on the basis of bedrock geology, texture of
surficial deposits, and land use/land cover (fig. 3). A
detailed description of each RHU can be found in Rob=rt-
son and Saad (1995).

In addition to use of the RHU classification,
regional ecological patterns in the study unit can be
described in terms of two other ecoregion or landscap=
classification systems, both of which are recognized
regionally or nationally by scientists and environmental-
resource managers. Each ecoregion or landscape unit in
these two systems is considered to be an area of relative
ecological homogeneity.

The ecoregion classification of Omernik and Gal-
lant (1988) divides the study unit into four ecoregions
(fig. 4) on the basis of land use, land-surface form, poten-
tial natural vegetation, and soils. The thematic maps that
were used as components for the ecoregions are available
nationally and are small scale (1:7,500,000). This system
was developed for the states of Minnesota, Iowa, Wiscon-
sin, Illinois, Michigan, Indiana, and Ohio and grew out of
an effort to improve classification of streams for more
effective water-quality management.

2  Environmental Setting of Benchmark Streams in Agricultural Areas of Eastern Wisconsin



















































































































































